protoplasts incorporated the nucleic acids of a plant virus (Aoki and Takebe 1969) or of bacteria (Ohyama et al. 1972) . Perhaps, the protoplasts seem to be able to take up nuclei, chromosomes, chloroplasts and so on as well as nucleic acids of other organisms. Such kinds of studies will be a step for the development of transformation researches. Since the method for enzymatically isolating a large number of intact protoplasts from tobacco mesophyll was established (Takebe et al. 1968 ), many authors reported isolation and culture of protoplasts from various plants (cf. Codking 1972) . However, reports published so far concerned mostly in the protoplasts from leaves or cultured cells. There have been few reports dealing with the protoplast isolation from petals (Potrykus 1971) or from pollen tetrads (Bhojwani and Cocking 1972) .
For further development of the researches using protoplasts, it seems necessary that a large number of intact protoplasts can be successfully isolated from many species and from various organs.
In the present study, the conditions appropriate for isolating intact protoplasts and cells were examined using leaves, petals, calli and pollen tetrads of over thirty species.
The use of new enzymes was also attemped. (Maeda 1965) with 2 mg/l of 2, 4-dichlorophenoxyacetic acid. The calli induced were subcultured in the same medium at intervals of 20 days. The calli of Haworthia tesselata which were produced from filaments or young shoots on Linsmaier and Skoog's medium with 2-4 mg/ l of naphthaleneacetic acid were given from Tokyo University of Agriculture.
MATERIALS AND METHODS
They were transferred Murashige and Skoog's basic medium with the same hormone at intervals of 30 days.
For the maceration of leaves, the method used for tobacco mesophyll was applied (Takebe et al. 1968) . Modifications were made because the different species required different enzyme concentrations and different osmotic conditions. Macerozyme (Kinki Yakult Manuf. Co., Ltd.) and Colonase (Wakamoto Pharmaceutical Co., Ltd.), which were dissolved in mannitol solution and were adjusted to pH 5.8, were used for macerating leaves and petals. Isolated cells, after being washed three times with mannitol solution, were treated with Cellulase Onozuka 4S (Kinki Yakult Manuf. Co., Ltd.) according to the method used for tobacco mesophyll cells. Calli as well as leaves of some species were treated with a mixture of Macerozyme or Colonase and Cellulase in mannitol solution.
The mixture was adjusted to pH 5.2. In order to increase the yield of intact cells from some leaves and calli, 0.01-0.5 % potassium dextran sulphate (Meito Sangyo Co., Ltd.) was added to the enzyme solutions.
Leaves and petals were either stripped of the lower epidermis or cut into small pieces using a razor blade. Masses of callus were taken to fragments by tapping gently with a glass rod. Less than 1 g of fresh materials were immersed in 20-30 ml of enzyme solution in 100 ml Erlenmeyer flasks. The flasks with callus or leaves in the enzyme mixture were incubated at 35°C. Other conditions for incubation were much the same as those used for tobacco mesophyll tissue (Takebe et al. 1968) .
Isolated protoplasts were washed four times with mannitol solution by centrifugation at a low-speed, whereby debris of damaged cells were removed.
After centrifugation, the percentage of intact protoplasts was estimated by microscopic observations and the cell density was measured with a Coulter Electronic Counter (Aoki and Takebe 1969) .
The enzyme solution for releasing protoplasts from pollen tetrads contained Zymolyase (Kirin Brewery Co., Ltd.), a crude enzyme from Arthrobacter luteus, and 10 % sucrose in 1/15 M phosphate buffer (pH 5.6). Anthers were examined under a microscope for the stage of pollen grains.
The pollen tetrads or pollen mother cells released from anthers were treated at 30°C with 0.2 ml enzyme solution on a hole slide.
RESULTS
(1) Isolation of intact protoplasts from leaves Leaves of twenty-six species were used for isolating cells. Many succulent plants were also tested.
The results are given in Tables 1 and 6 . Two methods have been reported to isolate intact protoplasts from leaves. One (Takebe et al. 1968 ) is the maceration followed by Cellulase treatment (shown by " Macerozyme -± Cellulase " in Table 1 ) , which is the method used for tobacco mesophyll, the other (Evans et al. 1972 ) is the treatment with a mixture of Macerozyme and Cellulase (shown by " Macerozyme+Cellulase " in Table 1 ) as used for cereal leaves. The leaves of many plants such as Brassica napus, B. pekinensis, B. raga, Raphanus sativus, Petunia hybrida, Antirrhinum majus, Viola tricolor and Pyrus serotina were macerated easily by 0.5 to 2 % Macerozyme in mannitol solution and many intact cells were isolated (Table 1) . When the isolated cells were incubated in 2 % Cellulase solution for disintegrating the cell walls, the cells of most species were readily changed into protoplasts. Among others, the cells of Brassica species and R. sativus required only 30 to 60 minutes to degrade the cell walls.
But in some species the cell walls were difficult to digest.
For example, the cells from leaves of woody plants such as P.
serotina and Diospyros kaki could not be digested at all by Cellulase Onozuka. In the case of V. tricolor leaves, it was difficult to change the cells into protoplasts, probably because of the presence of mucus.
The treatment with enzyme mixture was suitable for isolating protoplasts from monocotyledons such as Triticum aestivum, Hordeum vulgare and Secale cereale and from succulent plants such as Begonia semperf lorens, in which it was difficult to macerate the leaves with Macerozyme or Colonase only. The enzyme mixture was also effective to isolate many intact protoplasts from leaves of some dicotyledons such as Dianthus caryophyllus, from which only small number of cells were isolated by using Macerozyme, and Vicia f aba. Since the cells from leaves of V. f aba suffered damage by incubation with enzyme solutions, its leaves were directly treated with the enzyme mixture.
The incubation time was remarkably saved by this procedure, and intact protoplasts could be isolated in higher ratios than by other methods (Table 1) .
There were some cases where many protoplasts were isolated but vulnerable. For example, the cells isolated from the leaves of Lycopersicum esculentum at all the growth stage were very vulnerable and liable to die.
The protoplasts with a large vacuole were isolated from most of succulent plants and they bursted easily.
These plants were not favorable materials to prepare the protoplasts.
Such vulnerable protoplasts were also isolated in large number from leaves of young seedlings of Triticum aestivum, Hordeum vulgare and Secale cereale, while from leaves of these plants over 30 days intact ones were isolated.
The addition of potassium dextran sulphate was effective for isolating intact cells from many plants ( Table 1) .
The numbers of protoplasts isolated under the optimum conditions are shown in Table 2 .
The plants that only a few protoplasts were isolated by both methods of enzyme treatment were Oryza sativa, Citrullus vulgaris, Allium cepa, Artemisia vulgaris, Erigeron annuus, Solanum melongena and Pinus tunbergii.
The protoplasts isolated from leaves of Asparagus officinalis and Taraxacum officinale were few, but over 40 % of them were intact.
(2) Isolation of intact protoplasts from petals
The petals of Viola tricolor, Petunia hybrida and Antirrhinum majus were separated into the inside and outside cell layers which were different in color, shape and osmotic pressure of cells. Using the inside cell layers of V. tricolor petals, many intact cells which were conical in shape and orange in color were isolated by the treatment with 2 % Macerozyme or 2 % Colonase in 0.6 M mannitol.
Colonase yielded larger numbers of intact cells than Macerozyme.
Many cells were also isolated from the outside cell layers. They were ellipsoidal in shape and yellowish in color and induced the plasmolyzed state in 0.8 M mannitol containing Colonase. However, most of isolated cells died. From the inside cell layers of P, hybrida and A. majus petals, many intact cells were also isolated by using Colonase (Table 3) .
The cell walls of cells isolated from the petals of these species were difficult to digest.
It took 4 to 5 hours to completely digest them by using 4 to 5% Cellulase together with 0.1% Colonase which was added for enhancing the Cellulase activity. Sometimes the isolated cells died before being changed into protoplasts.
The petals of Mathiola incana showed different response to the enzymes. Many intact protoplasts were isolated by simply using 2% Cellulase in 0.8 M mannitol, whereas Macerozyme and Colonase were ineffective (Table 3) . Preliminary experiments showed that the petals of Calendula arvensis, Dianthus caryophyllus, Brassica napus and Chrysanthemum morifolium seemed not to be favorable materials for isolating intact protoplasts.
(3) Isolation of intact protoplasts from callus
Calli of Oryza sativa and Haworthia tesselata were used for isolating protoplasts. Many intact protoplasts were isolated from 0. sativa calli using a mixture of 1 % Macerozyme or 0.2% Colonase and 5% Cellulase in 0.4 M mannitol (Figure 1 ). Single cells, however, were not isolated with Macerozyme only. In the process of isolation of protoplasts, considerable amount of debris of cells were produced along with protoplasts. The treatment with Colonase instead of Macerozyme reduced the amount of debris. The addition of 0.05% potassium dextran sulphate was effective for increasing the ratio of intact protoplasts.
This procedure was applied to both haploid and diploid calli (Table 4) . A number of single cells were isolated from the callus of H. tesselata by treatment with 2% Macerozyme, while with the mixture of 1% Macerozyme or 0.2%
Colonase and 4% Cellulase many protoplasts were directly isolated. Higher ratio of intact protoplasts were consistently obtained by use of Colonase (Table 4 ). The protoplasts isolated from 0. sativa callus varied greatly in size. Most protoplasts were 10-25p in diameter, but there were some protoplasts as large as 60t in Table  5 were stained by aceto-carmine after fixation and were for counting the number of nucleus per protoplast. The and Figure  2 . Over 50% of protoplasts had 2 to 20 nuclei, (X 640). sative x310). and protoplasts with over 90 nuclei were occasionally found. Since in the original calli such multinucleate cells scarcely observed, they appear to have been produced during the process of isolation.
Many protoplasts were isolated from the callus of 0. sativa cultured for 10-14 days after transfer to fresh medium, but it was difficult to isolate the protoplasts from callus than 20 days. In case of H. tesselata, callus 20-30 days after transfer was suitable for the isolation of protoplasts.
(4) Isolation of intact protoplasts from pollen tetrads It was difficult to isolate protoplasts from mature pollen grains, because their exines could not be digested by any enzymes used. But from the pollen grains at an early stage which were enclosed in callose wall, protoplasts were released by Zymolyase, recently found bacterial enzyme (Kitamura and Yamamoto 1972) . This new enzyme was employed for digesting callose walls of pollen tetrads of Antirrhinum majus. The results are shown in Figure 3 . Zymolyase in concentration ranging from 0.001 to 1% in 10%
sucrose released a number of protoplasts from pollen tetrads (Figure 4 ). It took 15 to 30 minutes by 1 % Zymolyase, 30 minutes by 0.1%, 60 minutes by 0.01% and 90 minutes by 0.001% to release protoplasts from pollen tetrads in higher than 90% yield. Over 80% of protoplasts isolated were intact as judged by microscopic observation. These naked microspores bursted within one hour at low concentrations of sucrose. Protoplasts were also produced by using Zymolyase from the pollen mother cells surrounded by callose walls as well as from pollen tetrads.
But the higher concentration of sucrose than 10% appeared to be suitable.
The microspores which had developed into young pollen grains within callose walls were released very quickly, but they were not the naked cells because they had exines. Zymolyase could not degrade the exines of mature pollen grains, so the protoplasts of Colonase was also more active than Macerozyme for macerating the leaves of Nicotiana tabacum (personal communication from Takebe). The favorable effects of Colonase for these materials might be caused by its stronger activity than Macerozyme at the same concentration.
Recently, Bhojwani and Cocking (1972) reported the isolation of the protoplasts from pollen tetrads of N. tabacum using 1 % Helicase for 30 to 60 minutes. The callose wall of pollen tetrads could be digested by using 0.001% Zymolyase for 90 minutes or 1 % for 15 to 30 minutes.
It was reported that the lytic activity of enzymes from culture fluid of Arthyobacter luteus on viable yeast cells was greater than Helicase (Kitamura et al. 1971) . Accordingly, the activity to digest callose wall seems to be greater in Zymolyase than Helicase.
The isolation of protoplasts from leaves of Oryza sativa or succulent plants was not successful.
However, protoplasts could be isolated from calli of these plants. The protoplasts isolated from callus of 0. sativa are interesting in that many of them are (Motoyoshi 1971) , the protoplasts from callus may easily fuse with each other. For examining the fusion of protoplasts, petals seems to be useful, because their color plays a role of marker. Besides, it may be possible to select chimeral mutant cells induced in a petal by culturing the cells or protoplasts after they were isolated.
The use of haploids or haploidy cells is important for the development of genetic researches.
The pollen culture is desirable for preparing a definite haploid, although the anther culture has been developed.
Since it is known that the pollen stages suitable for culture are from pollen tetrad to mononucleate stage, the release of protoplasts of pollen tetrads will provide a good material for culture. For the development of researches to use the protoplasts, culture techniques of these isolated protoplasts have to be established, which is next important step.
SUMMARY
Twenty eight species including woody and succulent plants were tested for the isolation of intact protoplasts.
From leaves intact cells or protoplasts were isolated by using Macerozyme followed by Cellulase, which was suitable for most of dicotyledons, or by using a mixture of Macerozyme and Cellulase, which was suitable for monocotyledons and for some dicotyledons.
Many intact protoplasts were isolated from calli by using a mixture of Colonase and Cellulase.
About half of protoplasts isolated from rice callus were multinucleate.
From the petals, many colored cells or protoplasts were isolated.
The effect of Zymolyase on the isolation of protoplasts from pollen tetrads was examined.
This enzyme was very effective for isolation of protoplasts from pollen tetrads or from pollen mother cells, but not effective for digesting mature pollen grains. 
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